A complete coverage of all allowed SUSY models is impossible → limit the study to mSUGRA models. Develop measurement techniques and fit methods.
In mSUGRA with R-parity conservation:
SUSY particles are pair produced
Long decay chains, large mass differences between SUSY particles Lightest Supersymmetric Particle (LSP) is undetected
The mass measurement strategy is to exploit kinematics of long decay chains.
The first decay chain likely to be reconstructed: • If sufficiently long decay chains can be isolated and enough endpoints are measured → the masses of the individual particles can be obtained.
• Advantage of this decay chain:
• large signal to background ratio.
• • Combine the jet with leptons: Not possible to identify the quark from the squark decay → assume it generates one of the two highest p T jets in the event. Then:
• m llq edge : calculate M(llq 1 ), M(llq 2 ), choose the smallest.
• m llq thres : calculate M(llq 1 ), M(llq 2 ), choose the largest.
• m lq low and m lq high edges: not possible to distinguish the near lepton from the far lepton → define masses which are observable (use the jet selected for m llq edge ): • Tau polarization carries interesting info → it can vary significantly between different SUSY models.
• Focus on hadronic tau decays.
• Neutrino energy not measured, no sharp edge.
• Strategy: fit trailing edge of spectrum with suitable function:
• Endpoint is derived from the inflection point m IP of f(x):
• True endpoint m EP is related to m IP . 
by assuming is known from previous measurements (dilepton/leptons+jets endpoints). Use its true value below.
• In mSUGRA large BR for . Signal is two hard jets plus large E T miss .
• • Reconstruct hadronic top only:
• The W sideband method is used to estimate SUSY combinatorial background.
• Fit function: triangular smeared with a Gaussian. • Large statistical error at 1 fb -1 .
• Mass of LSP is not well determined.
• Mass differences are better measured than absolute masses → endpoints most sensitive to mass differences.
• Measured endpoints → extract involved SUSY particle masses.
• Use a numerical χ 2 minimization based on the MINUIT package:
first error is from MIGRAD, second error is from jet energy scale uncertainty.
SU3 point @ 1 fb -1

Measured Truth
From Endpoints to mSUGRA Parameters
• Ultimate goal → determine SUSY model parameters from endpoint measurements.
• Markov chain analysis → obtain a first glimpse of the possible parameter space.
• • Determination of A 0 and tanβ are more problematic as no information from Higgs sector at low luminosity.
Next step after SUSY discovery (if SUSY exists in nature) will be to select specific SUSY decay chains to measure the properties of new particles.
We have focused here on exclusive measurements possible with 1 fb -1 of data.
Specific benchmark points in mSUGRA model have been used to demonstrate the precision that can be expected from these measurements, but same/similiar techniques can be applied to much of the SUSY parameter space accessible with the early LHC data.
With 1 fb -1 of data the reconstruction of part of the SUSY mass spectrum will only be possible for favorable SUSY scenarios (low mass). Missing ET:
MET_RefFinal algorithm, calculated from the calorimeter cells, with calibration weights derived separately for cells associated to different objects (jets, electrons, photons, taus, and nonassociated cluster due to the soft part of the event). Source of fake missing energy are not considered here. Require the azimuthal angular separation between the missing ET vector and the three leading jets is larger than 0.2 Electron:
EGamma algorithm with "medium" cuts, pT> 10GeV, |η|<2.5 Reject event if electron is in the crack region (1.37 <|η|<1.52), calculation of isolation variable is buggy in this region Isolated electrons: transverse isolation energy within a cone of 0.2 around the electron is smaller than 10 GeV. Electron is rejected if it is found within a distance of 0.2 < ΔR < 0.4
Muon:
Staco algorithm, pT> 10GeV, |η|<2.5, transverse isolation energy within a cone of 0.2 around the muon is smaller than 10 GeV The track segment match χ 2 is smaller than 100 Muon is rejected if it is found within a distance of ΔR< 0.4
Event Selection for Dilepton Inv. Mass
In order to select SUSY events and reject the SM background, require the presence of energetic jets and missing energy. The variables used to discriminate SUSY from the SM background are listed in the table below.
In order to optimize the cuts on these variables, the value of S variable is maximized for each SUSY point. The S variable can be computed from collider data since no Monte Carlo information is used: Compare to "TDR type" cuts: pT(jet1)> 100 GeV, pT(jet2-jet4) > 50 GeV, MissingET>100 GeV, MissingET/Meff > 0.2, S T > 0.2
